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COMMIES SHaGEFICATION 
Process of and Tool for Expanding Tube Ends 
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We, Babcocx & Wiloqz Limited, a 
British Company, of Babcock House, Parting- 
don Street, I jo ndo n, B.G»4j do beseby declare 
die invention, (Conum mlcatcd by Bbotschh 
Babcock & Wilcox Dampfzbsselweekb 
A/G, a German Company, of Oberfaansea^ 
R Mnrf s n d, (knsisy), fop which we pray thai 
a patent may be granted *t> us, and me method 
by which it is to be performed to be particu- 
fcrfy descefced in acd by the foSowing State-, 
menti-^- 

The present invention relates to a process 
of md tod for expanding tribe ends, applie- 
able for example to the attachment of water 
tubes to the steam and water dram of a water 
tube boiler. 

It is common practice to secure the ends 
of water tubes to a boikr drum by fitting 
esch tube aid within a tribe hoJe in the dnan 
and then expanding plastically the tribe end 
withm the tnbe brie, so {hat it remains firmly 
in contact with the wafi of the bote to provide 
a flnidrtigit joint. In order to improve die 
resistance to the pendency of the tube, when 
die bofler is in use, to pull-out of the dram, 
-the part of die tdbe projecting into the drum 
is often beBed out 

Several different methods of obtaining the 
desired expansion have been used. According 
to one method* a tod is used which, factudts 
a conical mandrel about which axe spaced 
three ooneaponding tapered roSess, the tool 
being inserted in the tube end to be expanded 
with die axis of t£e mandrel co-axial with the 
tube end and the mandrel being fed into die 
tdbe in d epende nc y of the rote s so t hat th e 
rollers are displaced outwardly into contact 
with the inner sulfate of die tube. The man- 
drel is then continuously rotated and the rol- 
lers aoe fenced outwardly lb expand the tdbe 
end and at the same tune roll progressively 
round and into the trtbe. It has been found 
that with this method of expanding there fe a 
tendency for each point of tne trfce wall, after 
each passage of a rotter has caused an expan- 
sion, to spring back elasttcaSy and thereby 
considerably reduce die contact pressure be- 



tween die tribe wail and the wafl of the tdbe 
hole. (Furthermore, the structure of the tdbe 
metal is affected, the metal becoming hardened 
by th e al t ern ating haft 

According to a second rather ranDar 
method, the tribe is expanded by a tod having 
a tapered mandrel and roSem in which the 
ntamket sod die txMcxs rotate and movie out- 
wardly towards the end of tifc tube during, 
die expanding operation 
* According to a third method, a mandrel 
with a wuiklug surface having a diameter 
slightly greater than the inside diameter of the 
tube is driven into the tribe eod^ao expanding 
the tdbe as it moves into it This method has 
certain pract i c al diiTuirldea when applied 
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- - G — t»*es, which lend to btrcidc^. and. 
die removal of the mwwM ftom jhe/f3e, 65 
after the expanding operation often gives modi 
trouble, ~" ./^r. . 

An object of Ac present _ 

provision of an improved metholiS * 
far expanding tribe ends. . ^ 

The invention include? the process for tfe ex 
securing of a tdbe end within a tribe .^eW 
a tube plate, which compris es expanding a 
part of die tribe into fluid-tight contact ~wftJi 
the wafi of the tribe boje by <tjhe fvtx&W 75 
puffing-out of a tribe expanding . member 
through the said part of tie tube end ami 
simultaneously as a consequence of the puQing- 
out effecting belling <rf the mouth of the free 
end of the tube into contact with the face 80 
<rf the tube plate. 

Hie invention also includes a t*e end ex- 
pandipg topi suitable for the expanding of a 
tohe end within a tribe .hole in a tribe plate 
hi which withdrawal means are provided for 85 
the forcible pifimg-out from inade die tribe 
end of tube expanding means adapted during 
w frl a k a wai to expand the part of die tribe 
within the tube hole, and the withdrawal 
means axe arranged during withdrawal to 90 
operate belling means which effect belling of 
the free end of the tube. 

Tie invention will now be described, by 
way of example, with r efer ence to the accora- 
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ponying partly diagrammatic drawings, in 
which:— 

Figure 1 is a sectional side elevation of the 
forward end only of a tool for ^rpandm^ and 
5 bfffing tube ends arranged to operate on a 
tube end that extends through a tribe piste; 
and 

Figure 2 is a view similar to Figure 1 bat 
with, the working parts in a different cperat- 

10 rag position. 

In (he drawings, a tube 1 extends through 
a tube hole 2 in a tube plate 3- with its inner 
end 4 projecting beyond the inner face 5 of 
die tube piste to a distance equal to about 

IS twice the wall thickness of tf* tnbe, The tool 
indicated generally by 10, fadedes a forward 
body part 11 terminating in a bearing surface 
12 which, when the niachine is in use, is held 
firmly against the part of tribe plate inner 

20 face 5 widen surrounds the tube cad 4. A 
mandrel 14 mounted in the body part 11 ex- 
tends ariafiy beyond the bearing surface 12 
and at f^ ff kt^ w nc DC Bm ent of the expanding 
op era ti o n lies in the initial position shown 

25 in Figure 1 in which it extends into the tube 
1 do a point beyond the tube plate 3-.- At its 
inward or forward end the mandrel 14 is 
formed with an enlargement or head 15 ad- 
Joining a part 16 that tapers rearwardry to a 

^V ^fin^daupm 17 beyond which a part 18 
_ c| : -the- mandrel is saevHhreaded into an 
operating rod 19 which is coupled t» the pis- 
. ton of an hydraulic power device (not shown). 

AjzggOSp- of fatr COiUpleUjeUtaiy r:n^»ni\Kn g 

35 ... members 21 are didafay mounted on the 
-.papered mandrel pact 16 and may be moved 
~ position shown in Figure 2> 
_s£ ipr-wfucb ^"g! 1 ^ parts thereof form a cam- 
_33Sfeste xiri^tfbe tribe exrandmg surface 22, to 
t shown in 
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40^3 jfieggered position down in Fignre 1 hi 

-whjch o ne opposed pair of the members 21 

is offs et rearwardjy of the other pair ao that 
—^xrveraH radius of each member is reduced. 
- 31* four members 21 are held together and 
t o tfie mandrel by a helical spring 24 that 
cncfrdes part-cyli ndric a l s e ctio n s 25 of the 
four members. 

SKdabry mounted on the cylindrical part 
17 of the mandrel is a movable stop 30 ffl 
50 the form of a tube length having a cylindrical 
rearward portion 31 which is * sBdmg fit on 
lite mandrel part 17 end a flared forward 
part 32 of such diffmpftT at its farad end 
that it engages the two rearmost expanding 
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members 21 when they are at the rearward 
era! of the tapered part 16 of the mandrel* 
Seemed to the rearward end of the portion 
31 is a boss 3* formed with a chcomfcren- 
tiafiy eTt*n*frg radial Moulder 34 that faces 
rearwardry of the mandreL Mounted on {he 
body part 11 ®e catch means in the form 
of four phrogers such as the plungers 36 ao 
arranged as to be didabte radtatty and being 
inwardly by springs *nch as 
37. These 



to engage die boss 33 and are so 
shaped at their inward ends that they 
restrain rearward movement of the shoulder 
34 past the plungers only until the axial force 
on die stop 30 exceeds some predetermined 70 
value. 

Also mounted on the body part 11 is a 
circular row of eight tube end belling ele- 
ments 40 so guided in die body pan 11 as 
Id be capable of radial movement only ml 75 
biassed by springs such as springs 41 inwardly 
into engagement with the scop 30. The inner 
tide of each element 40 is provided with an 
nyflirted surface 42 complementary to the 
flared forward part 31 of the stop 30 so that 80 
as the part 32 moves rearwardry past the de- 
mons 40 they are moved outwards in a radial 
direction. Bach element 40 is formed with a 
forwartQy ^tmiAm^ tongue 44 arranged to 
extend within the tube end 4 but of such 85 
length that its forward end Is spaced from 
the tribe plate face 5 by a distance somewhat 
greater than the thickness of the wall of the 
tube 1* 

To carry out the expanding operation, the 90 
tool 10 is brought hxto position opposite the 
tube end to be expanded and the mandrel 
14 inserted into the tube to the position shown 
in Figure 1, so that the bearing surface 12 
engages die tube plate face 5, the. stop 30 95 
being set with its shoulder 34 forwarcHy of 
the plungers 36> tlte expanding m e mbe is 21 
being towards the rearward end of the tapered 
part 16 of the mandrel 14 and the rearmost 
pair of the members 21 being in contact with 100 .. 
the forward end of the stop 30. 

The mandrel 14 is now drawn rearwardiy 
through the tool body part 11 by operation 
of the hydraulic r«iwer device so that the ex- 
pending members 21, which are held against 105 
axial movement with the mandrel 14 by the 
stop 30, are caused to move outwar d ly into 
contact with and to expand die part of tribe 
1 winch lies fanmediatery outride die <nbe 
plate f. As this takes place the forward pair 110 
<of the members 21 move slightly xearwardry 
int o n^l ffi if^^nt w idi dip ^y^^* pair of the mem~- 
bers 21* 

Once the head 15 of the mandrel 14 comes 
into contact with the expanding members 21 115 
face is transmitted direct from the rnandrd 
to the stop, which is cansed to move in a rear- 
ward direction so that die plungers 36 of die 
catch means ride over the shoulder 34. The 
expanding members 21 and the stop 30 move 120 
rearwardiy with the roaidreL tjbe members 21 
effecting progressive expanding of the part of " 
the tube 1 which Bes within the tube plate 3 



As the members 21 approach the inner face 
5 of die tribe plate 3 the flared part 32 of 125 
the stop member 30 engages the rnffrifd sur- 
faces 42 upon the eight belling elements 40 
and causes those elements to move outwardly 
radially so that their tongues 44 engage and 
bell outwardly the projecting inner end 4 of 130 
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jthe tube 1. This beffing operation ends when 
the tobe expanding surface 22 comes into cota- 
<»c t with the forward pot of tftt surfaces 42, 
whereupon rearward movement of the mandrel 
idatfre to the tool 10 is positively chedoed. 

The tool 10 js now removed from the 
finished tribe, the mandrel returned to its for- 
ward position, the tribe **pa™*frg elements 
21 slid along the tapered part 16 to their 
rearward podtfona, and the stop 30 restored 
to its forward position. The tool may thea 
be applied to the next tube <p be expanded. 

The machine described is adapted to act 

To a preselected size of tribeTtte diameter 
lie expanding surface 22 being appro- 
priately related to $jc internal diameter of die 
tube! If desired the bead 15 of the mandrel 
roaybemadeadjcstablcariaHyrf themandrd 
M;fe^8«w»asa^»dqpt2dl^amit% 
movement of die **p*vpHig memfeca i lafeBy 
of tie tapered part of the mandrel to deter- 
mine the effective d iam e te r of the 
members Airing tfe expan ding 
the posfekm of the Stop betflg faujunainc pa** 
mit8 variation of that effective diameter. who* 
the head 15 is axiafly tdfastaMe, it advan- 
tage* to adopt a pistowing Aaped, over- 
lapping design for the expanding men*ers. 
Wbatwedaimfa:— 

1. Process far the securing of % tube end 
within a tribe ho b is the tribe plate, which 
oparrifag a erf the tobe into 
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feht contact with the waH of die tribe a drenmscribdng 



tube end engaging dements which are 
arrayed to move ndially outwa r dly , upon 
withdrawal of the cube expanding means and 
so effect beffing of the tribe ea£ . 55 

4. A tod as daimed in Oa&n 3-, wherein 
the tube expanding means include a plurality 
of expanding member fitted about the peri- 
phery of a tapered part of the length of a 
mandrel which is inserocbk axially into die 60 
tube to be expanded and forms part of the 
withdr aws} m eans, atop means are arranged 

to Be wiring the tobe to be e xpand e d at ft 
fara d initial position, catch means are 
arranged to restrain outward movement of the 65 
ato p mea ns from -die initial position od ea 
the outward force on die stop means exceed s 
a predetermined value, the atop means being 
arranged to restrain outward axial movement 
of the said members upon outward movement jq 

the mandrel only until the farce exerted 
exce eds the p mtftwiulned value, and the tobe 
endengagbg ffrroms ere arranged for en- 
gagement by inclined surfaces oar the atop 
meinw whei^ tgiro the 75 
ex panding means and thus the stop means in 
an outward direction through an apprreadflte 
^tanoe a part of die tobe £t exteSfebeyond 
b engaged and belled out by 
the beHing means, go 

5. A tool as daimed in Claim 4, wherein 
the expanding members are held in dose coo- 
tact with (he tapered part of the mandrel by 
a d t ^ j ^" i * e rfrJng spring. 

6. A tool as daimed in Oaim 4 or Claim 85 
5, wherein a stop provided m die mandrel is 
adapted by timmng movement of the expand!- 
ing members axiafiy of the tapered pax^ of 
the m andrel to determine the effective dia- 
meter of die expanding members during the 90 
expandi ng opera tion, and the postern of the 
stop ia adjustable to permit variation of that 
effective diameter. 

7. A tube end expanding tool arranged and 
adapted tp operate substantiagy aa described 95 



hole by the forcgde puling-out of a tube ex- 
paring member through the said part of 
the tobe and simultaneously as a consequence 
of the puffing^ot effecting beffing of the 
mouth of the free end of die tube into oonr 
tact with the face of the tube plate. 

2. A tube end expanding tool suitable for 
the expanding of a tribe end within a tube 
hole in a tribe plate, wherein withdrawal means 
szeoiorided tor the forcible puffinMut from 

^^Aa^S^i^J^^i! 3 ^ Bflflptett to operate substantiafiy as described 

ofttetdbe within the tube hole, and the sribstanthdly^ sfaovm in, the accomoanr - 

whbdwwal means axe arranged during with- drawings, 
urawal to operate beiing means which effect 

beffing of toe free end of she tribe. Forthe AppJicantB. 

tool as daimed in Claim 2, wherein X C WHEEL 

the teSing means ooanprise a circular row of Chartered RtteatAgent 

Lean^onSpa: Printed for Her Majeure Stationary Office, by the Qmrier Prew.— 1957. 
PnMfehad at The Patent Office, 26, Southanqfem Bmldinaa, London, W.QJ*, from which 

copies may be obtained. 
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